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	Glycyrrhiza glabra L. has been used in treating various medical conditions, including stomach disorders such as flatulence and dyspepsia. Its anti-ulcer activity has been reported to be conflicting. The present study aims to evaluate the protective effects of G. glabra extract on indomethacin-induced gastritis and other gastrointestinal toxicities in rats. Thirty Wistar rats were used in the study and divided into three groups, ten rats in each group. Group I (Control) had free access to standard rat food and water; Group II (Test) had indomethacin administered orally at a dose of 30 mg/kg, given daily; Group III (Intervention) had an ethanol extract of G. glabra administered at 200 mg/kg body weight suspended in distilled water. G. glabra was collected locally in Egypt. The gastroprotective effect of the extract was studied in rats in combination with indomethacin. The present study shows that G. glabra extract significantly protects the stomach mucosa against indomethacin-induced gastritis in rats, where the inflammation grade caused by a combination of extract of G. glabra and indomethacin in the intervention group was less than that of the test group with indomethacin alone (p < 0.01). However, the inflammation grade of gastric mucosa in the intervention group was insignificant compared to the control group (p > 0.01). Furthermore, G. glabra extract significantly increases gastric pH, decreases the stomach’s secretion volume and total acidity, and enhances serum iron, hemoglobulin, and vitamin B12 levels (p ≤ 0.05). Based on the results of this study, it was concluded that G. glabra exerted a gastric protective effect.
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Introduction 
                There are more than 23 species in the genus Glycyrrhiza. Roots of the Glycyrrhiza species (licorice) are among the oldest medicinal plants used to treat digestive disorders (e.g., gastric ulcers, hyperdipsia, flatulence, and colic).1,2 Glycyrrhiza glabra roots contain several active substances, including liquirtin, rhamnoliquirilin, liquiritigenin, prenyllicoflavone A, and saponins, namely, glycyrrhizin. 3,4 Glycyrrhizin is the potent component in G. glabra;5,6 there are many therapeutic effects associated with G. glabra, including expectorating, diuretic, laxative, hypnotic, antipyretic, antimicrobial, anxiolytic, antiviral, anti-inflammatory, and antioxidant effect. 7–9 It has been shown that non-steroidal anti-inflammatory drugs (NSAIDs), including indomethacin, can damage the gastrointestinal mucosa in experimental animals and humans, and their use has been linked to hemorrhage, erosion, and perforation of gastric and intestinal ulcers.10,11
 
*Corresponding author. E mail: Aiman.s@jadara.edu.jo
 Tel: 00962797299027
 
Citation: Shoiab AA, Khwaldeh AS, Alsarhan AA, Gardouh AE, Al-fawaeir SA. The Counter-Effect of Glycyrrhiza glabra Against Gastrointestinal Tract Toxicity of Indomethacin on Rats. Trop J Nat Prod Res. 2023; 7(10):4267-4272. http://www.doi.org/10.26538/tjnpr/v7i10.22.
 
Official Journal of Natural Product Research Group, Faculty of Pharmacy, 
University of Benin, Benin City, Nigeria
 
NSAIDs cause gastrointestinal toxicity by inhibiting cyclooxygenase, interfering with prostaglandin production and their action. When prostaglandin synthesis is suppressed, gastric mucosal blood flow is reduced, microcirculation is disrupted, mucus secretion decreases, lipid peroxidation occurs, and neutrophil activation contributes to gastrointestinal mucosal disorders.12,13
Gastritis is the gastric mucosa inflammation associated with gastric mucosal injury; this inflammation can be classified into acute and chronic gastritis according to the duration of mucosal inflammation. Helicobacter pylori (H. pylori) infection is among the predominant causes of chronic gastritis that could lead to gastric atrophy and intestinal metaplasia and could be diffuse (pangastritis or multifocal gastritis), antrum-predominant, or corpus-predominant. 14–16 Some studies have found that H. pylori infection may pass out in young children. However, this was not reported in adult patients.17–19 Irritants such as bacterial endotoxins, alcohol, coffee, and aspirin consumption were reported as causes of acute gastritis characterized by transient non-specific dyspeptic symptoms.20 Furthermore, it is self-limiting, and the symptoms of acute gastritis include heartburn, temporal gastric distress, vomiting, massive proximal and distal stomach mucosal inflammation (pangastritis), and, in severe cases, may develop bleeding and hematemesis.21 Acute gastritis often correlates with hypochlorhydria, which may persist for months. The treatment options for acute gastritis include antacids, antibiotics, sucralfate, histamine-2-receptor antagonists, proton pump inhibitors, and many other agents. In addition, some of these treatments may cause side effects like hypersensitivity, arrhythmia, weakness, and hematopoietic disorders.22 However, treating this problem with alternatives that could have minimal side effects is urgently needed. Several clinical studies 22,23 have been performed to investigate agents from various plant origins that could treat this condition.
The anti-inflammatory properties of the ethanol extract of G. glabra were investigated through several previous studies, which found that G. glabra can directly bind to lipoxygenase, producing inflammatory mediators.24 Furthermore, G. glabra inhibits the activation of inflammatory mediators’ phosphorylation.25 Also, G. glabra, through their constituents, can inhibit the formation of inflammatory chemokines such as interleukin (IL)-8 and eotaxin 1, which are both considered strong chemo-attractants to leukocytes during inflammation.25,26 
Various plant-origin substances act as natural drug enhancers, such as piperine, ginger, drumstick pod, licorice, black cumin, caraway, garlic, etc. However, only a limited number of these have been scientifically proven to improve the bioavailability of specific micronutrients in humans and animals upon consumption.27,28 This study aimed to assess the protective role of G. glabra against indomethacin-induced gastritis in rats. In addition, we aimed to evaluate the effect of an ethanol extract of G. glabra on promoting the bioavailability of vitamin B12 and enhancing serum iron and hemoglobin levels.
 
Materials and Methods
Plant material
Dried roots of G. glabra L. were purchased locally (Cairo, Egypt), collected from the El-Alaemeen coastal area, Sedi Abd El-Rahman, Egypt, during February–March 2023 and identified by Professor Rewaa S El-shatoury (Faculty of Agriculture, Suez Canal University, Egypt, Email: r_elshatoury@agr.suez.edu.eg) (#202004RA3). Roots were first cleaned and crushed using a sterilized electrical blender, and the obtained yellow-colored powder was stored in air-tight containers. A dipping method was used to prepare the dried root extract. 29 Next, 20 g of the powder was mixed with absolute ethanol (Sigma, Merck ®), ethanol: water (1:1), and water (sterile) using a powder solvent ratio of 1:5 (w/v) and permitted to stand at room temperature for 60 mins. The root extract was dipped in this extraction solvent. Hence, the glycyrrhizic acid was dissolved in the solvent.30 The ethanol extract of licorice roots contains glycyrrhizin, isoliquiritin, and glycyrrhizic acid.31 
 
Gastric protection study in rats using indomethacin-induced gastritis
The institutional research ethics committee approved the study protocol and animal care procedures (#202004RA3) at the Faculty of Pharmacy, Suez Canal University. Maximum efforts were applied to decrease animal suffering. The NIH guidelines for using and caring for laboratory animals (8th edition) were followed during the study. Qualified personnel were responsible for animal feeding, handling, and drug delivery throughout the research.
The study utilized Wistar rats that were two months old, weighed between 200 and 300 g, and were acclimated for three days before starting the present study.32 They were randomized into three groups, each group having ten animals. They were starved for 36 hours, only having access to drinking water. Group I (Control) had free access to standard rat food and water. Group II (Test) had indomethacin dissolved in water and administered orally at 30 mg/kg (the quantity selected according to previous studies33,34), given daily. Group III (Intervention) had an ethanol extract of the roots of G. glabra at a dose of 200 mg/kg body weight daily. Aqueous preparation of extract of G. glabra was given orally 30 mins before indomethacin administration in the intervention group. The dose of ethanol extract of the roots of G. glabra was selected according to previous studies, where this dose shows a significant anti-ulcer effect without toxicity.35
Twelve weeks later (the period to induce gastritis was adopted depending on previous studies36), all stomachs of rats were removed after rats were sacrificed. Gastric mucosa for histological examinations were cut along the lesser curvature from the lower esophagus to the upper duodenum. Samples were immersed in buffered 40 g/L formaldehyde and embedded in paraffin. For the histological study, paraffin sections were sliced, mounted on glass slides, and stained with hematoxylin and eosin (H&E). Four inflammation grades were classified by a pathological diagnosis of chronic gastritis set up at the Huston symposium in 1994.37 Inflammation grades of gastric antrum and body were semi-quantitative.
This study’s L8 (27) orthogonal test comprised three study groups: control, indomethacin-treated, and intervention groups. Four typical signs of inflammation grades were described: 0: No inflammation, the presence of few leukocyte infiltrations in the gastric mucosa; 1: Mild inflammation, a few leukocyte infiltrations in the upper mucosa or at the bottom of the gastric glands; 2: Moderate inflammation, a large number of leukocyte infiltrations in the total mucosa; 3: Severe inflammation, extensive leukocyte infiltration in the entire mucosa. Each inflammation grading result was based on an average of grades of 10 fields under a microscope. Lamina propria thickness was measured at points 150 x10 μm from the forestomach boundary in the body and 150 x10 μm from the pyloric ring in the antrum, respectively. The pyloric ring area as a percentage of the total lamina propria area at the gastric antrum was 100 μm to 200 μm away. The parietal cells in each gland and the median number in each gland were calculated for the ten intact oxyntic glands at the above points in the gastric body.
 
Gastric juice collection 
Dissection of the stomach was performed after opening the anterior abdominal wall. Two ml of distilled water was injected into the rat’s stomachs after their pylorus and lower esophagus were tied. Each fore of the stomach was incised, and its contents were expelled. Tubes were used to collect gastric contents and measure their volume. For determining pH and total acidity, centrifugation of gastric juice was performed at 4,000 rpm for 15 mins.38
 
Biochemical analysis 
The volume of gastric juice, pH, and total acidity were determined according to the standard methods reported by Parmar and Desai’s study.38 Hemoglobin serum concentration (g/dL−1) was determined by the Colorimetric Detection method in whole blood samples using a Hemoglobin Assay Kit (ab234046, Abcam, Canada). Serum iron and vitamin B12 were measured after blood plasma separation by using Electrogenerated Chemiluminescence (ELC) immunoassay technology (Cobas, e 411, Roche diagnostic, Japan).
 
Statistical analysis
All data were analyzed using variance analysis of an L8 (27) orthogonal test. p < 0.05 was considered statistically significant. 
 
Results and Discussion
Effect of inflammation grades on gastric mucosa
As a control group, the normal glandular structure of the gastric mucosa was observed at both the base and the upper regions. Furthermore, the inner mucosa, submucosa, muscularis propria, and outer serosa were normal (Figure 1). 
On the other hand, in the stomach of indomethacin-treated rats, some of the parietal cells and surface mucous cells were open to the lumen through short, narrow pits in the upper region of the cells. In addition, there was degeneration of columnar epithelium, goblet cells, and basement with congestion of blood, degeneration with necrosis at the tip of the villi, and goblet cell distortion (Figure 2). 
Treatment with G. glabra improved the effects induced by indomethacin, and the cytotoxic effect on the architecture was reduced but still showed an abnormal appearance. Furthermore, there was erosion of mucin, degeneration of columnar tissue, degeneration of gastric glands/mucosa, and blood vessel distortion, but to a lesser extent than in indomethacin-treated rats (Figure 3).
At the antrum, the inflammation grade of gastric mucosa induced by indomethacin was 1.37, 1.56, and 1.70, respectively, on three repeated tests. It was significantly higher than the control and intervention group (ethanol extract of G. glabra plus indomethacin) (Table 1, Figures 1, 2, 3). The grade caused by a combination of extract of G. glabra and indomethacin in the intervention group was less than that of the test group with indomethacin alone (p < 0.01, ​Table 1, Figures 2, 3). However, the inflammation grade of gastric mucosa in the intervention group was insignificant compared to the control group (p > 0.01, Table 1).
 
Effect of the ethanol extract of G. glabra on gastric pH, volume, and total acidity
As shown in Table 2, the indomethacin treatment group significantly increased the volume and total acidity and dramatically decreased the pH of gastric secretions (p ≤ 0.05). Conversely, G. glabra reduced the stomach’s volume and total acidity and increased the pH of gastric secretions (p ≤ 0.05).
 
Effect of ethanol extract of G. glabra and indomethacin on vitamin B12, iron, and hemoglobin content
The effects of the ethanol extract of G. glabra and indomethacin on the plasma vitamin B12, iron, and hemoglobin levels of induced gastric ulcers in rats are illustrated in Table 3. Giving indomethacin to rats significantly reduced the level of vitamin B12 compared to the control group (p ≤ 0.05). The reduction level was 24%, from 760.3 to 578.0 pg/mL−1 in the control and test groups. In the intervention group, administering an ethanol extract of G. glabra treated the induced ulcer, which increased vitamin B12 levels because G. glabra is considered a vitamin bioavailability enhancer. The effect of the ethanol extract of G. glabra on intestinal absorption, particularly vitamin B12, is demonstrated through the increasing level of vitamin B12 from 578.0 to 793.2 pg/mL−1 in the test and intervention groups, respectively.
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Figure 1: Thin section for the normal stomach tissue of the untreated control group. H & E stain.
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Figure 2: Thin section of the stomach of Indomethacin-treated rats. H & E stain showed degeneration of columnar epithelium, goblet cell (arrow) with congestion of blood (bold arrow), degeneration with necrosis at the tip of the villi, and goblet cell distorted (star). H & E stain.
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Figure 3: A thin section of the stomach of Indomethacin and ethanol extract of G. glabra-treated rats Showed there was Erosion of mucin (arrow), degeneration of columnar tissue (bold arrow),  and blood vessel distortion (star). ). H & E stain
 
Table 3 illustrates the studied groups' iron (µmol/L−1) and blood hemoglobin (g/dL−1) levels. Using indomethacin caused a notable decrease in serum iron and hemoglobin levels. The reduction rate was 19.2% and 26.2% for iron and hemoglobin levels in the test group, respectively. Findings illustrated no significant difference in hemoglobin levels between the control and intervention groups.
It has been known that indomethacin can cause gastrointestinal lesions as a side effect, and its ulcerogenic potential is higher than other non-steroidal drugs. This compound inhibits prostaglandin synthesis, which, along with free radicals, has a significant role in gastric ulcers and gastritis pathogenesis.33 Data in Table 1 show that indomethacin caused significant inflammation in gastric mucosa and induced necrosis and degeneration of columnar epithelium, which was in harmony with other studies.39–41 
In the present study, the gastric protective effect of the ethanol extract of G. glabra was investigated in rats using indomethacin-induced gastritis models. In addition, the ethanol extract of G. glabra inhibits gastric mucosa inflammation significantly. This finding is compatible with the results of previous studies.42,43
Presently, the drugs used in treating gastritis are costly and have several adverse effects that reduce their administration. Scientists pay particular attention to investigating agents with fewer side effects, low cost, and confirmed effectiveness. Medicinal plants are among the most promising sources of new drugs for treating peptic ulcers.44 G. glabra is a plant with broad, widespread uses. However, further research must demonstrate its safety. Acute and chronic toxicity studies are essential to determine the extract’s doses and possible clinical symptoms.
Indomethacin, a non-steroidal anti-inflammatory agent, inhibits cyclooxygenase enzyme activity and then decreases the production levels of endogenous prostaglandin in the gastric mucosa. This reduction in prostaglandin levels will contribute to gastric hypermotility and vascular disturbances, thus stimulating reactive oxygen species (ROS) production, lipid peroxidation, and infiltration of neutrophils.45 Among the vital roles of the endogenous prostaglandins are the regulation of mucosal blood flow, proliferation of epithelial cells, epithelial restitution, enhancement, and regulation of mucosal immunocyte function, secretion of bicarbonate and mucus, and the secretion of basal acid. All the effects resulting from inhibiting prostaglandin synthesis by indomethacin will lead to ulcer formation.46 On the other hand, G. glabra has gastric protective activity and significantly minimizes gastric mucosa damage caused by indomethacin, suggesting that its gastroprotective effect may involve the enhancement of prostaglandin synthesis. Elevation of the local concentration of prostaglandins will promote mucous and bicarbonate secretions and cell proliferation in the stomach, leading to the healing of ulcers in experimental studies.47 The possibility of G. glabra exerting a gastroprotective effect is indicated because it successfully prevents gastric mucosa inflammation in the indomethacin-induced gastritis model. In the present study, as shown in Figures 2 and 3, G. glabra provides a protective effect against the cytotoxicity induced by indomethacin, where the cytotoxicity on the architecture was reduced; the erosion of mucin, degeneration of columnar tissue, degeneration of gastric glands/mucosa, and blood vessel distortion was to a lesser extent compared to indomethacin-treated rats. However, this finding is consistent with the results of other studies.48,49
Indomethacin caused a significant increase in the volume and total acidity and a marked decrease in the pH of gastric secretions (p ≤ 0.05). On the other hand, licorice increases the pH of gastric secretions (p ≤ 0.05) and decreases the volume and total acidity of the stomach (p ≤ 0.05). This result is consistent with 50 who reported that indomethacin caused alterations in rats’ gastric secretions. Gastric secretions are controlled by several mechanisms, where high levels of histamine and low levels of prostaglandins can elevate gastric acid production, resulting in increased acidity levels.51 In cases where gastric juice has a low pH, it could indicate a high concentration of H+. Such a scenario could risk gastric damage and ulcers.52 The ulcer can also result from direct oxidative action.53
The ethanol extract of G. glabra in the present study showed an improvement in vitamin B12 level and serum iron, consistent with other studies demonstrating the vitamin B12 bioavailability enhancement effect of the G. glabra extract.54 The gastroprotective effect of G. glabra extract observed in the present study may be associated with its anti-inflammatory action, antioxidant properties, cytoprotective activity, and increased prostaglandin formation.55
 
Conclusion
G. glabra extracts protected the stomachs of the rats from indomethacin-induced gastric mucosa inflammation, and no toxic effects were observed after G. glabra administration, encouraging the usage of licorice roots for this purpose. This effect could be due to an enhancement of gastric mucosal defensive mechanisms. Further pharmacological studies are being undertaken to elucidate the mechanisms of action involved in this activity.
 
Table 1: L8 (27) orthogonal test results of inflammation grades in stomachs of rats
 
	Treatment factors
	Triple orthogonal test results

	 
	Antrum
	 
	Body

	Test Group
	1.37a
	1.56a
	1.70a
	 
	1.20a
	1.15a
	1.33a

	Intervention group
	0.92b
	0.91b
	0.89b
	 
	0.60b
	0.52b
	0.60b

	Control group
	0.85
	0.88
	0.77
	 
	0.55
	0.58
	0.50


Abbreviation: aP < 0.05 vs. the control, bP > 0.05 vs. the control. Test group: Indomethacin 3 mg daily; Intervention group: combined treatment of Indomethacin 3 mg, extract of G. glabra in a 200 mg/ kg dose.
 
Table 2: Effect of ethanol extract of G. glabra and indomethacin treatment on volume, pH, and Total Acidity on rat
 
	Parameter

	Group
	Volume (ml)
	pH
	Total Acidity (mEq/L/100 g)

	Control group
	1.53 ± 0.04c
	5.02 ± 0.03ab
	37.3 ± 2.34bc

	Test Group
	3.01 ± 0.20a
	3.42 ± 0.20c
	58.5 ± 3.23a

	Intervention group
	1.22 ± 0.03c
	4.11 ± 0.05a
	33.2 ± 2.33c


Values are means ± standard errors. Means without a common superscript in a column differ significantly (P ≤ 0.05). Group I: control, Test Group: Indomethacin, Intervention group: licorice
 
Table 3: Effect of ethanol extract of G. glabra and indomethacin treatment on Iron, Hb, and Vitamin B12 levels in rat
 
	Physicochemical Parameters
	Experimental Groups *

	Control group
	Test Group
	Intervention group

	Iron [µmol/ L−1]
	26.04 ac ± 2.72
	21.03 a c ± 1.15
	29.70 a ± 2.23

	Hb [g/dL−1]
	15.10 b ± 0.10
	11.13 c ± 0.04
	14.30 b ± 0.03

	Vitamin B12 (pg/mL−1)
	760.3 c ± 2.14
	578.0 a ± 3.21
	793.2 a b ± 0.04


* Control group: negative control; Test Group: indomethacin-treated group; Intervention group: Indomethacin + ethanol extract of G. glabra  treated group.
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